Cronbach's Alpha coefficient is the most popular method of examining reliability. It is typically used when the researcher has several Likert-type items that are summed or averaged to make a composite score. Distribution of alpha coefficient has been subjected of many studies. In this study relationship between randomness and Cronbach alpha coefficient were investigated and in this context, present study was examined the question "What is the distribution of the coefficient alpha when a Likert-type scale is answered randomly?" Data were generated in the form of five point Likert-type items and Monte Carlo simulation was run for 5000 times for different item numbers.
Introduction
Problems of measurement are concerned with establishing the true value of an observed feature. However, due to various errors involved in the measurement process, this true value cannot be obtained directly via measurement, and may therefore need to be predicted with the help of observed points. Statistical theories have been developed in order to make predictions, one of which is the Classical Test Theory (CTT) [1] . According to this theory, the total score (X) that an individual records in a test is equal to the individual's true score (T) combined with the error (E) arising from the measurement.
X = T + E
Since each scale (test) includes some form of error, we cannot determine the true score. It is accepted that the error is randomly distributed, and has a mean of zero. In addition, the correlation between true points and error points is also equal to zero [2] .
The aim of measurement studies is to obtain values for observed points that are as similar as possible to the true points. Measurement results close to the true scores are as reliable as the random errors they contain of random errors they contain [1] .
For either scientific or practical reasons, since the accuracy of measurements is important, researchers should consider the extent to which random errors affect the measurement. If there is sufficient knowledge of the scale of the errors contained in a dataset, it will not be necessary to repeat the research [3] .
As a concept, reliability is the degree to which measurement is free from errors [4] . According to CTT, reliability is represented by the strength of the relationship between true values and observed values, with lower level of random error indicating greater reliability [5] . Reliability refers to the consistency of items involved in a test in education and psychology area with the whole of the test. Measurement results are the main subjects of reliability. Reliability is a measure of the elimination of random errors. It is possible to formulate reliability according to the relationship between observed and true points [1] .
Since each scale (test) includes some form of error, we cannot determine the true score. The true value is the mean score recorded by an individual over an infinite number of tests. The total score of an individual will vary. Reliability is closely related to the variance of measurement hence reliability can be considered here in as the ratio of the variance of true scores to the variance of total scores. 
Since an individual's true score will not vary from one test (application) to another, the numerator (2) will always be zero. Therefore, Equation (2) is an expression of reliability for a group in which members differ from one another in terms of measured characteristics [2] .
The reliability index is the ratio of the variation in true points to the variation in observed points. The reliability index is theoretical, since the variation of true points is not known; thus, the reliability coefficient is defined. It can be theoretically shown that reliability coefficient is equal to the reliability index [1] .
The original method of calculating internal consistency is termed split-half. As inferred by the name, the test is calculated by randomly being divided into two halves and obtaining the correlation between these two halves. If the scale has internal consistency, both random halves will include similar items. The formula will be as follows depending on variance of differences between the test scores of the two halves is 
The right most part of the equation   
Cronbach's Alpha Coefficient
Cronbach alpha is commonly used index of test reliability. It can be used for any test on which scores are produced by summing the scores of two or more test items. It was developed through the contributions of many researchers and was named by Lee Joseph Cronbach, who introduced its usability for the first time [6] .
Cronbach's alpha coefficient based on classical test theory is basically a reliability index. Cronbach's alpha is used to determine whether items are consistent with one another; in a test based on total or average point, to determine whether the items measure a hypothetical variable [5] .
The coefficient alpha is defined as follows [7] ,
where K represents the number of the item; V 1 , V 2 ,··· V k represent the variation of 1, 2,···K item points, respectively; and V T represents the variation of scale (total) score. When the scale items are scored as 0 or 1, Equation (4) turns into the formula Kuder-Richardson KR-20 [7] . Cronbach (1951) showed that the coefficient alpha was equal to correlation means obtained from all possible random halves of a test. If a test is regarded as a population of items, the coefficient alpha means a prediction of correlation between two samples drawn randomly from the population [7] .
The coefficient alpha gives the correlation of observed points belonging to a joint measurement consisting of K components with true points. It shows how consistent the components are with the entire measurement. The coefficient alpha is a consistency measurement of component points with joint test points [1] . The scale does not need to be applied twice, and this may pave the way for Cronbach's alpha being the most widely-used reliability index [2] . The coefficient alpha is commonly used. In a meta-analysis of Cronbach's alpha, [4] analyzed 33,000 articles published in different journals between the years 1971 and 1992. It was found that the coefficient alpha was reported 4286 times, the alpha range was 0.06 -0.99, the mean was 0.77, and the median was 0.79. No relationship was found between the coefficient alpha size and the research subject.
In the literature some studies examined confidence intervals for Cronbach's alpha coefficient via Monte Carlo simulations. For example Maydeu-Olivares, Coffman and Hartmann [8] performed simulation studies to investigate the behavior of asymptotically distribution-free versus normal-theory interval estimators of coefficient alpha. In [9] , were investigated three different bootstrap methods for estimating confidence intervals for coefficient alpha. In another study [10] eight of the different methods for computing confidence intervals around alpha investigated.
There are very few studies on "acceptable reliability" or "sufficient reliability" within the literature. The degree of reliability suggested in some studies varies according to the purpose of the research. For example, suggestions include a minimum reliability of 0.70 for pre-application, 0.80 for fundamental research, and 0.90 -0.95 for application-based research [4] . Long tests are intuitively more reliable, because they provide more information on which to base the assessment [6] .
Some studies in the literature examined cases in which the Cronbach's alpha was misinterpreted. It was reported that the coefficient alpha was misinterpreted in the relationship between internal consistency and one-dimensionality. For example, a study of the variation in internal consistency coefficient reported that, when one-dimensionality was disrupted, very high KR20 and alpha internal consistency coefficients could be obtained even in cases where one-dimensionality was not ensured in the calculation of internal consistency coefficients [11] . Internal consistency was a necessary but not sufficient condition for homogeneity of items in a test [12] . Alpha coefficient is not a measure of homogeneity or unidi-mensionality [13] . A homogenous (one-dimensional) test has internal consistency but the reverse is not true; it is not correct to use the coefficient alpha as an index of homogeneity [6] . Since the coefficient alpha is affected by the length of the scale, high alpha value does not guarantee one-dimensionality or internal consistency. Among two groups, a higher coefficient alpha is obtained from the more homogenous group. Thus, using an alpha value reported in a published study is erroneous [2] .
There are some studies in which the Cronbach's alpha coefficient was analyzed via simulation [14] [15] [16] . Sideridis (1999) analyzed bias features of the Cronbach's alpha via Monte Carlo simulation, using data with different distributions. The simulation used data obtained from 250 observations suitable for a 10-item, 5-point Likert-type test, were used and 100 trials were performed. In normal and uniform distributions, alpha was found to be non-zero. It was suggested that the alpha could be used for data with different distributions [14] . Leontitsis and Pagge (2007) used simulation to solve a problem of statistical significance problem in Cronbach's alpha [15] . The study used data obtained from a coefficient alpha 0.50, and a 10-item scale completed by 20 people; column data were randomly intermingled and the coefficient alpha was calculated each time. Following 1000 trials, the minimum alpha coefficient was obtained as −1.40, and maximum alpha coefficient was 0.46. Therefore, it was concluded that the α = 0.50 value was statistically significant even at the level of 0.1%. Yurdugül (2008) used a simulation method to examine the minimum sampling width necessary for reliable prediction of the coefficient alpha of the population. It was concluded that a robust and consistent alpha prediction depended on the size of the first eigenvalue as well as sampling width size; and when the first eigenvalue was larger, a robust prediction of the coefficient alpha was possible even with lower sampling width [16] . The Cronbach's alpha coefficient was seen to be used in a wide range of fields and studies. Considering studies on the theoretical features of Cronbach's alpha coefficient, it was thought that the relationship between the coefficient alpha and randomness was a subject worth of further research. To that end, the present study examines the question "What is the distribution of the coefficient alpha when a Likert-type scale is answered randomly?"
Subject & Methods
In contrast to the problem of the minimum sample width and bias, which were examined in the literature, this study examines the relationship between Cronbach's alpha and randomness. For this purpose, artificial data were derived using simulation, and the alpha coefficient was predicted of a K-item with 5-point Likert-type scale, which was answered randomly by 5K people. Each trial was repeated for 5000 times, and the resulting alpha values were analyzed.
A Monte Carlo simulation was used. The data comprised random numbers generated in Microsoft Excel. All calculations and simulations were done using Microsoft Office Excel. A flowchart of the algorithm is shown in Figure 1 .
Operation Steps
1) A 5K × K type data matrix was formed by using the RANDBETWEEN(1; 5) function in Microsoft Excel to represent the data of the K-item scale randomly completed by 5K people.
2) Scale scores were obtained by calculating line total in the Excel spreadsheet, and α value was calculated using Equation (4).
3) The above steps were repeated 5000 times, and calculated α values were recorded in a column.
4) For the 5000 trials, the α value mean, median, maximum value, 95% and 99% maximum values were found.
5) The steps were repeated by taking K = 10, 12, 14,···, 40 at Step 1.
Excel 
Results
Following 5000 trials, this section presents the maximum α value, α value median and mean, 95% and 99th% α values when ordered from small to large with α values standard deviation were presented for each item number (K) ( Table 1) . The mean α coefficients calculated for 5000 trials for each value of K were negative and very close to 0. When considered together with median values, the α coefficient distribution is slightly negatively skewed. The standard deviation of the alpha coefficient is approximately 0.22, and does not vary with an increase in the number of items. Although there is variability in the maximum alpha values obtained for each K (minimum 0.455; maximum 0.521), this variability is not related to the K number. When the cumulative distribution of α coefficients is analyzed, the 95th percentile value is approximately 0.27 
End for K I > 5000 scale that is randomly completed in 100 trials; α alpha value with maximum 5% possibility will be 0.27; and 1% possibility will be 0.35. When the cumulative distribution of alpha coefficients is analyzed, the 95th percentile value is approximately 0.27 for all Ks and the 99th percentile value is approximately 0.35. Therefore, the possibility of the Cronbach's alpha coefficient of a Kitem 5-point Likert scale that is randomly replied by 5K people being 0.27 or more is less than 5%. Similarly, the possibility of the Cronbach's alpha coefficient of a Kitem 5-point Likert scale that is randomly replied by 5K people being 0.35 or more is less than 1%. for all Ks, and the 99th percentile value is approximately 0.35. Figure 2 shows variance of alpha values according to the item numbers for 95% and 99% percentiles. The alpha values have lower tendency to decrease when the item numbers increase.
Conclusions
The distribution of Cronbach's alpha coefficients was analyzed when a K-item scale was randomly completed. The simulation results shows that the expected α value will be −0.04 for a K = 20-item scale, 5-point Likert-type Another finding is that the expected Cronbach's alpha of a 5-point randomly completed Likert scale is negative and approximately 0. This finding is consistent with reported in the literature, that alpha coefficient can have negative values. Since the reliability is the ratio of two variance, it is initially thought that Cronbach's alpha must be between 0 and 1. In addition, in cases where some items are negatively correlated with the rest of the scale items, the alpha will be negative. While calculating the scale score, negative alpha is not obtained in practice, since negative items are reverse-graded [2] .
